How to use lidar to study indirect aerosol effects.
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Key questions |

e How do changes in aerosol distribution affect cloud propernes?

e How is the aerosol distribution changed by human activitie®




g Key questions |

e How do changes in aerosol distribution affect cloud properies?

— Which aerosol parameters affect cloud properties?
— Which other parameters are important?

— Where do aerosols affect clouds?

— Which cloud parameters are affected?

e How is the aerosol distribution changed by human activitie®

— Which aerosol parameters are changed?
— Where do relevant changes occur?

e How can lidar contribute to answer these questions?




The bottomline question |

Which aerosol parameters affect cloud properties?
Number density of CCN'’s active at small supersaturation.

Which other parameters are important?
Water vapour density, temperature.

Where do aerosols affect clouds?
Mainly in regions where clouds are forming.

Which cloud parameters are affected?
Directly: Droplet size distribution. Indirectly: Probabl vy all.

How to measure CCN number density, water vapour, temperatue, (and
resulting cloud droplet size distribution) in cloud formin g regions?




Tasks I

How to use lidar for measuring CCN number density, water vapair, temperature, and resulting
cloud droplet size distribution in cloud forming regions?

1. Identify cloud-forming regions

(a) convection
(b) large scale convergence
(c) radiation cooling

2. Retrieve aerosol size distribution and composition.
3. Measure water vapour.
4. Measure temperature profile or vertical wind.

5. Retrieve cloud droplet size distribution: mainly radar.
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Convective cloud formation I

e Upward looking backscatter lidar to detect cloud base.

e DIAL to get water vapour inflow and to estimate humidity growt h factor.

e Doppler lidar to detect and quantify convective activity.

e Downward looking lidars see only cloud tops and aerosol in dendraft regions.

o CCN?




Large scale Convergencﬂ

e Typically slow, non-localized process.

e Small vertical velocity (cm/s).

e Observations at fixed station not adequate.

e Statistical approach feasible, continuous observation iguired.
e Large scale observations required: aircraft, satellite.

e Combination with model results/other data.




g Methods I

Quantitative retrieval of aerosol parameters from lidar measurements.
Lidar equation: P-R?=c(8,+ Bn)e 2 Jo (copt-cum) dr

Backscatter lidar:  -Lin(P - R?) = LinB3 — 2a  Is NOT quantitative!
Raman lidar: Lin(P - R?) = ZInBr—2a Now widely used!

HSR lidar: Lin(P- R?) = %InB,, —2a Technically demanding!

Polarisation allows to distinguishspherical from nonsphericalparticles!

-
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Eigenvalue analysisl

The measurements of backscatter and extinction at various awelength are not
completely independend. Following Veselovskii et al., AdpOptics 44, 2005. the
degree of linear independence is determined by an Eigenvadtanalysis of the
covariance matrix

)\maa:

CP = ||f>\

where the 3 and « are the backscatter and extinction coefficients as functiomof
the aerosol parameters mean radius, distribution width, aml refractive index.

Xma

" Bi(N)B; (M)A + fxmi: ai(N) o (A)dA||
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tively.
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Summary of Eigenvalue analysisl

Main results of the Eigenvalue analysis:

e Measurements of backscatteand extinction are needed, with errors less than 10%.
e 3+2 Wavelengths of 355nm, 532nm,and 1064nm (backscatter orlgre adequate.

e Additional wavelength improve accuracy, but not the range éthe retrieval.

e Number density, effective radius and complex refractive imlex can be retrieved.

e Constraints on one parameter improve the retrieval of othes.

e Absorption reduces accuracy of retrieval. Impossible form; > 0.02i.

e For the given wavelength retrieval is restricted t00.15um < rerr < 1.5um.

e Retrieval errors are less than 50% forr.¢¢, 0.05 form,, and 0.00% for m;.

Number density of CCN may be retrieved if one component in aaegmulation mode dominates,
absorption is small, and the composition is characterizedythe refractive index.

/




g Key question 2 I

How is the aerosol distribution changed by human activitie®

What can be monitored globally with lidar?

e CCN concentration: Presently not feasible.
e Number density in accumulation mode: Not yet operational, lnt few suitable stations exist.
e Extinction coefficient: About operational at several statons; Space-borne HSRL feasible.

e Attenuated backscatter: Many stations, space-borne lidademonstrated. Useful in
combination with other measurements and advanced models;

e Aerosol optical depth (sun-photometer): No vertical information to identify the source.
Useful in combination with other measurements and advancethodels.

The GAW Aerosol Lidar Observation Network, GALION, is initi ated to coordinate aerosol lidar
monitoring globally.

N
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1800 C. Textor et al.: Diversities of aerosol life cycles within AeroCom
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Fig. 10. Zonally and annually averaged concentration of total aerosglgir{®] (DLR is not shown because of its disregard of the coarse
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Atmos. Chem. Phys., 6, 1777-1813, 2006 www.atmos-chem-phys.net/6/1777/2006/



GALION vs. CALIPSO I

Why not leave aerosol profiling to spaceborne lidar?

GALION advantages:

e temporal coverage and resolution (e.g., diurnal cycle!)

advanced observation methods: multiple wavelengths, Ranma

can support satellite lidar evaluation by providing

— extinction/backscatter ratio
— Angstrom coefficients

observations below clouds

calibration capabilities

long term stability

reference between different satellite systems

GALION and spaceborne lidars are complementing, not excluthg!




Conclusions I

e Lidar can make significant contributions to process studiedy

— identifying cloud forming regions,

— measuring the available water vapour,

— determining the humidity growth factor,

— estimating the CCN concentration.

e Lidar can help to assess changes in aerosol distribution bysing

— quantitative methods for ground-based monitoring netwoks,

— space-borne lidar assisted by ground-based data,

— advanced stations for long-term reference.

e In any case vertical information is needed to identify aerosl sources, transport mechanisms,

and modification processes.
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